A two-phase storm surge study is presented, documenting both a deterministic screening followed by a probabilistic approach for storm surge analysis. The analysis considers extreme storm surge events at a location on the eastern shore of Lake Huron. The deterministic screening considers a suite of conservative scenarios developed to determine the maximum credible surge level. The probabilistic analysis develops a hazard curve, relating water levels to quantified annual exceedance probabilities, with consideration of both aleatory and epistemic uncertainty. Together the two approaches provide a robust framework for addressing uncertainty in the flooding risk due to extreme storm surges.
INTRODUCTION
Extreme historic storm surge events have been observed in the Great Lakes. This study evaluates extreme storm surge levels and associated probabilities for a site on the eastern shoreline of Lake Huron (see Fig. 1 ). In order to provide a robust understanding of the storm surge hazard, a Probabilistic Flood Hazard Assessment (PFHA) was performed for storm surge.
There is a significant gap in scholarly publications regarding storm surge flooding on the Great Lakes. However, the United States Army Corps of Engineers and the United States Federal Emergency Management Agency provide informative resources in their various publications and guidelines. Previous studies (e.g., USACE, 1988) have computed storm surge effects for events with an annual exceedance probability on the order of 10 −2 . However, this particular study is interested in lower probability events, such as the 10 −6 event, that require a much more careful treatment of the aleatory and epistemic uncertainties in PFHA. This paper provides a high-level approach for performing a PFHA for storm surge by illustrating its main components in a case study.
The initial step in the PFHA was a qualitative screening evaluation consisting primarily of a literature review. The qualitative evaluation indicated that storm surge was a potential hazard on the shoreline of Lake Huron. This warranted a bounding deterministic screening analysis to determine whether a quantitative PFHA was warranted. The deterministic bounding screening analysis involved computing a maximum credible surge level for the shoreline area of interest. This analysis was based on conservative hydrodynamic modeling with sensitivity analyses for various atmospheric parameters. The deterministic screening analysis indicated a potential for storm surge inundation in certain areas. To further evaluate this potential hazard, a quantitative PFHA was performed to develop hazard curves relating surge levels to annual exceedance probabilities with several different types of probability distributions. The fluctuation of the overall lake level was characterized by a novel method developed for this study in order to provide a stochastic representation of long-term lake level variability with the inclusion of paleo lake level data. Overall, the PFHA is based on publicly available data from water-level gauges on Lake Huron and published paleo lake level reconstructions from the literature. Consideration is given to sources of both aleatory and epistemic uncertainty in the analysis.
This paper provides a brief description of the deterministic screening analysis followed by a more detailed presentation of the quantitative PFHA. The details of the probabilistic analysis are the main focus of this paper; however, the deterministic screening stage is also briefly discussed.
PHASE I-DETERMINISTIC SCREENING
Phase I of this study developed a conservative estimate for the maximum credible surge level. The method consisted of simulating a suite of storm surge scenarios in a two-dimensional hydrodynamic model using conservative atmospheric forcing parameters (i.e., wind and pressure fields). This analysis is discussed further in the following subsections.
Atmospheric Parameters and Wind Field Generation
Synthetic storm wind fields were developed for storm surge simulations. Preliminary analysis indicated that although cyclonic storms are relatively uncommon over Lake Huron, an intense cyclonic storm would provide the most conservative storm surge scenario.
The cyclonic wind fields utilized in the screening analysis were developed through the use of the Holland (1980) wind field model. Note that more detailed models, such as those outlined in Cardone and Cox (2009), would be more appropriate for simulating historic storms when detailed data are available for reconstructing the storm characteristics.
The United States National Oceanic and Atmospheric Administration (NOAA) hurricane database was consulted to develop a set of conservative storm parameters (i.e., the radius of the maximum wind, central pressure, etc.) for screening purposes. Even though relatively few cyclonic storms have been recorded over Lake Huron, sufficient evidence was obtained to conclude that the following set of parameters would be conservative: a maximum wind speed over water of 100 miles per hour (44.74 m/s); a central pressure of 950 mbar; and an inflow angle of 10 degrees.
Other parameters, such as the radius of the maximum wind and the forward speed, were evaluated through the use of a sensitivity
